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(54) Image pickup lens system for a video camera 



(57) A compact video camera has an image pickup 
lens system providing a zooming function and a wide 
angle field of view. The zooming function is performed 
by a zoom lens, while the wide angle view is achieved 
via a wide angle converter. The wide angle converter, 
located closer to the object than the zoom lens, com- 



prises a negative lens, a positive lens, and a reflecting 
member located between the negative and positive 
lenses. With the use of the reflecting member, an optical 
axis of the image pickup lens system extending from the 

object side to the image side of the camera may be fold- 
ed. The position at which the optical axis is folded is lo- 
cated closer to the object side than the image side. 
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Description 

The present invention is related to optical lenses 
and, in particular, to Image pickup lens systems for video 
cameras. 

Recently, reduction in size and weight of a video 
camera, i.e., its miniaturization, has become a signifi- 
cant and almost Indispensable factor In bringing a suc- 
cessful product to market. It Is apparent that the principal 
route to the miniaturization of the camera is to decrease 
the size of an image pickup lens system. 

Namely, It Is considered that largely two elements 
In the Image pickup lens system determine the progress 
of camera miniaturization: the size of a solid-state image 
sensing device, i.e., a charged-coupled device (CCD), 
and the number of parts in a lens array. Various ways to 
reduce parts In the lens array, for example, are to Include 
an inner focus lens, as disclosed in Japanese Patent 
Application Laid-Open No. 62-24213 (1987), or an as- 
pherical lens, as disclosed in Japanese Patent Applica- 
tion Laid-open No. 3-33710 (1991). 

In the image pickup lens system of the video cam- 
era such as described in the above-mentioned patent 
applications, lenses that are components of the image 
pickup lens system are arranged in a straight line. That 
Is, an optical axis extending from an object side to an 
image side forms a straight line. As a result, the minia- 
turization of a video camera with such a lens arrange- 
ment Is quite limited, even if other steps for miniaturiza- 
tion have been taken into account. Clearly, the lenses 
arrayed along a straight line present an obstacle to the 
overall camera length reduction and impose restrictions 
on the camera design. 

I n addition or in place of a general lens, a zoom lens 
has been used frequently in the image pickup lens sys- 
tem of the video camera. Since the zoom lens is typically 
larger than the general lens, the problem of miniaturiza- 
tion is even more pronounced In this case. 

To reduce the overall camera size with either the 
zoom lens or general lens, it Is possible to arrange the 
lenses in a non-linear configuration, I.e., to fold the op- 
tical axis of the Image pickup lens system so that the 
lenses are positioned at right angles to each other, for 
example. Namely, as disclosed in Japanese Patent Ap- 
plication Laid-open No. 7-13073 (1995), a mirror is lo- 
cated between a wide-angle converter lens and a mas- 
ter lens (zoom lens) for folding the optical axis of the 
system. However, the attendant deterioration of the im- 
aging performance has been difficult to solve in these 
devices due to mass production errors. Since high pre- 
cision in assembling the lens system is difficult to 
achieve during mass production, this problem has been 
greatly exacerbated in image pickup lens systems with 
non-linear optical axes. 

It Is also desirable to prav\6e a wide-angle lens, In 
combination with the zoom lens, In the video camera. 
The field of view of the wide-angle lens should be as 
wide as possible. The wide-angle lens, as disclosed, for 



example, In Japanese Patent Application Lald-Open 
No. 6-324265 (1994) is composed of four groups (pos- 
itive, negative, positive and positive groups, counting 
from the object to the Image side) and has a field angle 

5 of 60 degrees. 

Therefore, it appears that a miniaturized zoom lens 
having a wide angle field of view can be obtained by 
merely combining the techniques disclosed In the 
above-mentioned two applications. Various problems, 

10 however, are encountered in such apparently simple 
comblnatkxi. 

In particular, In the image pickup lens system dis- 
closed in the 7-13073 application, a mirror is positioned 
between the wide-angle converter lens and the master 

15 lens (zoom lens) to fold the optical axis of the image 
pickup lens system. To achieve the desired wide angle 
field of view, the master lenses would have to be en- 
larged causing a corresponding increase in the physical 
size and weight of the camera. Similarly, if a reflecting 

20 member such as a mirror is added to the zoom lens of 
the 6-324265 application to fold the optical axis, the lens 
must be also increased In size to provide the desired 
zoom function. 

Thus, it has been very difficult to obtain miniaturlza- 

25 tion of a video camera which combines, for example, a 
zoom lens with a wide-angle lens. 

This invention provides an integrated video camera 
and recording/reproducing apparatus, comprising: a 
main body Including a viewflnder portion, a recording/ 

30 reproducing portion, and an Image pickup lens system 
having an object side, an Image side and an optical axis, 
said Image pickup lens system including a wide angle 
converter and a zoom lens, wherein said wide angle 
converter comprises at least a negative lens and a pos- 

35 itive lens spaced apart from each other such that 
D1/D1 A Is greater than 1 .2 and less than 1 .7 where D1 
is a distance between a lens surface of said negative 
lens closest to said object side and a lens surface of said 
positive lens closest to said Image side, and D1A Is a 

40 distance between said negative lens and said positive 
lens. 

This Invention also provides an Image pickup lens 
system for a video camera, comprising: a zoom lens lo- 
cated at an image side of said image pickup lens sys- 

45 tern, and a wide angle converter located at an object 
side of said image pickup lens system and optically cou- 
pled to said zoom lens, said wide angle converter com- 
prising a first lens group having at least a negative lens 
group and a positive lens group spaced apart from each 

50 othersuchthat D1/D1 Ais greater than 1 .2 and less than 
1 .7 where D1 is a distance between a lens surface of 
said first lens group closest to said object side and a 
lens surface of said first lens group closest to said image 
side, and D1 A is a distance between saki negative lens 

55 group and said positive lens group. 

Embodiments of the invention can provide a com- 
pact video camera with a zooming function and wide an- 
gle field of view. 
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Embodiments of the invention can provide a video 
camera with a compact image pickup iens system which 
has wider tolerances for easier assembly of lenses in 

the system. 

Embodiments of the invention can provide a video 
camera with a compact image picl^up lens system com- 
prising a zoom lens and a wide-angle converter. 

Embodiments of the invention can provide an image 
picl<up lens system with a zoom lens and a wide-angle 
converter such that the optical axis of the lens system 
is folded between its object side and its image side. 

Embodiments of the invention can provide an image 
pickup lens system with a zoom lens and a wide-angle 
converter such that the optical axis of the lens system 
is folded closer to its object side than Its image side. 

Embodiments of the invention comprise an integrat- 
ed video camera and recording/reproducing apparatus 
having a main body including a viewfinder portion, a re- 
cording/reproducing portion, and an image pickup lens 
system having an object side, an image side and an op- 
tical axis. The image pickup lens system includes a 
zoom lens and a wide angle converter The wide angle 
converter includes at least a negative lens and a positive 
lens spaced apart from each other such that D1/D1Ais 
g reater than 1 . 2 and less than 1 . 7 where D 1 is a distance 
between a lens surface of the negative lens closest to 
the object side and a lens surface of the positive lens 
closest to the image side, and D1A is a distance be- 
tween the negative lens and the positive lens. 

In accordance with one embodiment of the inven- 
tion, the inventive apparatus further includes a reflecting 
member located between the negative and positive lens 
with the optical axis folded. The optical axis is folded at 
a position which is closer to the object side than the im- 
age side of the apparatus. 

In accordance with another embodiment of the in- 
vention, an image pickup lens system for a video cam- 
era comprises a zoom lens located at an image side of 
the image pickup lens system and a wide angle convert- 
er located at an object side of the image pickup lens sys- 
tem and optically coupled to the zoom lens. The wide 
angle converter includes a first lens group having at 
least a negative lens group and a positive lens group 
spaced apart from each other such that D1/D1 Ais great- 
er than 1.2 and less than 1.7 where D1 is a distance 
between a lens surface of the first lens group closest to 
the object side and a lens surface of the first lens group 
closest to the image side, and D1A is a distance be- 
tween the negative lens group and the positive lens 
group. 

Preferably, the second lens group is movable be- 
tween the first and third groups in response to a zooming 
operation between a wide angle end and a telephoto 
end of the image pickup lens system. 

Preferably, the fourth group is movable between the 
third lens group and the image side for focusing an im- 
age as a function of the zooming operation. 

Preferably, the apparatus further includes a reflect- 



ing member, such as a prism or mirror, located between 
the negative and positive lens groups with the common 
optical axis folded therebetween. The common optical 
axis is folded, at substantially 90 degrees, at a position 

s which is closer to the object side than the image side of 
the apparatus. 

The invention will now be described by way of ex- 
ample with reference to the accompanying drawings, 
throughout which like parts are referred to by like refer- 

10 ences, and in which: 

Figs. 1 A and 1 B show a perspective view of a com- 
pact, lightweight integrated video camera and re- 
cording/reproducing apparatus which incorporates 
15 an image pickup lens system in accordance with the 
present invention; 

Fig. 2A is a schematic diagram of a first embodi- 
ment of the image pickup lens system according to 
the present invention in correspondence with Figs. 
20 2B, 2C, 2D, 3A, 3B and 3C; 

Fig. 2B is a table of values for lenses in the first em- 
bodiment; 

Fig. 2C is a table of the 4th, 6th and the 8th-order 
aspherical coefficients A4, A6 and A8, respectively, 

25 for aspherical surfaces in the first embodiment; 

Fig. 2D is a table of values for certain key distances 
in the lens system of the first embodiment; 
Figs. 3A, 3B, 3C are diagrams showing spherical 
aberration, astigmatism and distortion aberration in 

30 the wide angle, normal, and telephoto states of the 
zooming operation, respectively, in accordance with 
the first embodiment of the present invention; 
Fig. 4A is a schematic diagram of a second embod- 
iment of the image pickup lens system according to 

35 the present invention in correspondence with Figs. 
4B, 4C, 4D, 5A, 5B and 5C; 
Fig. 4B is a table of values for lenses in the second 
embodiment; 

Fig. AC is a table of the 4th, 6th and the Sth-order 

40 aspherical coefficients A4, A6 and AS, respectively, 
for aspherical surfaces in the second embodiment; 
Fig. 4D is a table of values for certain key distances 
in the lens system of the second embodiment; 
Figs. 5A, 5B, 5C are diagrams showing spherical 

45 aberration, astigmatism and distortion aberration in 
the wide angle, normal, and telephoto states of the 
zooming operation, respectively, in accordance with 
the second embodiment of the present invention; 
Fig. 6A is a schematic diagram of a third embodl- 

50 ment of the image pickup lens system according to 
the present invention in correspondence with Figs. 
6B, 6C, 6D, 7A, 78 and 7C; 
Fig. 6B is a table of values for lenses in the third 
embodiment; 

ss Fig. 6C is a table of the 4th, 6th and the 8th-order 
aspherical coefficients A4, AS and AB, respectively, 
for aspherical surfaces in the third embodiment; 
Fig. 6D is a table of values for certain key distances 
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in the lens system of the third embodiment; 

Figs. 7A, 7B, 7C are diagrams showing sphericai 

aberration, astigmatism and distortion aberration in 

the wide angle, normal, and telephoto states of the 
zooming operation, respectively, in accordance with S 
the third embodiment of the present invention; 
Fig. 8A is a table of values for f, FNO and 2co in the 
first, second and third embodiments of the present 
invention; 

Fig. BB is a table of values for the conditional ex- io 
pressions (1) through (5) in the first, second and 
third embodiments of the present invention; 
Fig. 9A is a schematic diagram of a fourth embodi- 
ment of the image pickup lens system according to 
the present invention in correspondence with Figs. ^5 
9B, 9C, 9D, IDA, 1 0B and 10C; 
Fig. 98 Is a table of values for lenses in the fourth 
embodiment; 

Fig. 9C is a table of the 4th, 6th and the 8th-order 
asphericai coefficients A4, A6 and A8, respectively, 20 
for asphericai surfaces in the fourth embodiment; 

Fig. 9D is a table of values for certain key distances 
in the lens system of the fourth embodiment; 
Figs. 10A, 10B, IOC are diagrams showing spheri- 
cal aberration, astigmatism and distortion aberra- 25 
tion in the wide angle, normal, and telephoto states 
of the zooming operation, respectively, in accord- 
ance with the fourth embodiment of the present in- 
vention; 

Fig. 11 A is a schematic diagram of a fifth embodi- 30 
ment of the image pickup lens system according to 
the present invention in correspondence with Figs. 
11B, 11c, 11D, 12A, 12Band 12C; 
Fig. 118 is a table of values for lenses in the fifth 
embodiment; 35 
Fig. 11c is a table of the 4th, 6th and the 8th-order 
asphericai coefficients A4, A6 and A8, respectively, 
for asphericai surfaces in the fifth embodiment; 
Fig. ID is a table of values for certain key distances 
in the lens system of the fifth embodiment; 40 
Figs. 12A, 12B, 12C are diagrams showing spheri- 
cal aberration, -astigmatism and distortion aberra- 
tion in the wide angle, normal, and telephoto states 
of the zooming operation, respectively, in accord- 
ance with the fifth embodiment of the present inven- 4S 
tion; 

Fig. 13A is a schematic diagram of a sixth embod- 
iment of the image pickup lens system according to 
the present invention in correspondence with Figs. 
1 3B, 1 3C, 1 3D, 1 4A, 1 4B and 1 4C; 50 
Fig. 138 is a table of values for lenses in the sixth 
embodiment; 

Fig. 1 3C is a table of the 4th, 6th and the 8th-order 
asphericai coefficients A4, A6 and A8, respectively, 
for asphericai surfaces in the sixth embodiment; 
Fig. 1 3D is a table of values for certain key distanc- 
es in the lens system of the sixth embodiment; 
Figs. 14A, 14B, 14C are diagrams showing spheri- 



cal aberration, astigmatism and distortkxi aberra- 
tion in the wide angle, normal, and telephoto states 
of the zooming operation, respectively, in accord- 
ance with the sixth embodiment of the present in- 
vention. 

A perspective view of a compact, lightweight inte- 
grated video camera and recording/reproducing appa- 
ratus (hereinafter referred to as video camera) compris- 
ing an image pickup lens system is shown in Figs. 1 A 
and IB. In particular, Fig. 1A shows video camera 10 
having main body 12 which includes three major por- 
tions: viewfinder portion 15, recording and reproducing 
portion 13 and imaging portion 14, also referred to as 
the image pickup lens system. Also shown in Fig. 1 A is 
microphone 17 positioned in the front part of the camera, 
battery storage portion 16 in the rear part of the camera 
and grip 1 8 for holding the video camera. As shown in 
Fig. 1 B, a tape deck cover swings outward, in the direc- 
tion indicated by P, such that a recording medium, i.e., 
cassette, can be inserted into the video camera for re- 
cording and reproduction. 

Initially, common features of various configurations 
of the image pickup lens system will be described here- 
inafter with reference to the illustrated first, second and 
third embodiments 14, 14Aand 148 of Figs. 2A, 4Aand 
6A, respectively. In these embodiments, the image pick- 
up lens in the video camera is illustratively represented 
by a zoom lens. 

As shown in Figs. 2A, 4A and 6A, each of the zoom 
lenses 1 4, 1 4A and 1 48 includes a four group structure: 
the first lens group GR1 has positive refracting power, 
the second lens group G R2 has negative refracting pow- 
er, the third lens group GR3 has positive refracting pow- 
er and the fourth lens group GR4 has also positive re- 
fracting power (positive, negative, positive, positive 
groups. 

Between a wide angle end and a telephoto end, a 
zooming operation is performed by moving at least the 
second lens group GR2 from the object side to the im- 
age side in the lens barrel (not shown). In addition, at 
least the fourth lens group GR4 can be moved to obtain 
a proper focus on image surface 22. That is, the fourth 
group GR4 compensates for the movement of the sec- 
ond group GR2 as a result of the zooming operation. 

Further shown in Figs. 2A, 4Aand 6A is glass block 
FL functioning as an optical low-pass filter, which is po- 
sitioned between the fourth lens group GR4 and the im- 
age side. Diaphragm IR is arranged between the second 
lens group GR2 and the third lens group GR3. 

The first lens group GR1 functioning as the wide an- 
gle converter is formed of a negative lens group NL and 
a positive lens group PL. The positive lens group PL in- 
cludes at least negative lens 23, positive lens 24 and 
positive lens 25, as shown in Figs 2A, 4A and 6A. 

Furthermore, if the space between the negative 
lens group NL and the positive lens group PL is desig- 
nated as "D1 A", and "Dl" is the distance from the sur- 
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face closest to the object side of the first lens group GR1 
to the surface thereof closest to image surface 22, the 
group GR1 may be arranged such that: 1 .2 < D1/D1 A < 
1 .7 (hereinafter referred to as conditional expression 
(1 )). By arranging the negative lens group NL on the ob- 
ject side of the first lens group GR1 , this conditional ex- 
pression (1) makes it possible to obtain the wide angle 
field of view while keeping the front lens diameter small. 

In satisfying the conditional expression (1 ), it is also 
possible to secure a space within the first group GR1 for 
arranging an appropriate reflecting member, such as 
prism PR or mirror MR for example, between the nega- 
tive lens group NL and the positive lens group PL. Such 
an arrangement, as fully illustrated in subsequent em- 
bodiments of the present invention, may provide for the 
folding of optical axis X. This results in a combination of 
the wide angle field of view and a compact design of the 
imaging portion of the video camera. 

If the value of D1/D1 A becomes smaller than 1 .2 in 
the conditional expression (1 ), the space between the 
negative lens group NL and the positive lens group PL 
becomes too wide, thereby diminishing compactness of 
the design. In addition, in this case the front lens diam- 
eter becomes too large and is no longer practical in a 
compact video camera. Conversely, when the value of 
D1/D1A exceeds 1.7, the space between the negative 
lens group NL and the positive lens group PL becomes 
too narrow. This, in turn, prevents insertion of the reflect- 
ing member for folding optical axis X. That is, the space 
for inserting the prism PR or mirror MR disappears. 

To maintain optimum optical performance, the neg- 
ative lens group NL of the first lens group GR1 is com- 
posed of single element, i.e., negative lens 26, in all 
three embodiments. In the second and third embodi- 
ments of the present invention as shown in Figs. 4A and 
6A, respectively, the positive lens group PL of the first 
lens group GR1 is composed of four elements instead 
of three, i.e., positive lens 47, negative lens 23, and pos- 
itive lenses 24, 25 arranged consecutively from the ob- 
ject side. In these two embodiments, an afocal unit is 
formed for correcting vibrations or shaking of a camera 
during the shooting of a video. The afocal unit is com- 
prised of negative lens 26 of the first lens group GR1 
and of positive lens 47 which follows negative lens 26. 

With respect to the first embodiment of Fig. 2A, 
since the negative lens group NL and the positive lens 
group PL are spaced apart from each other for position- 
ing the prism PR therebetween, a large spherical aber- 
ration is likely to be generated in the positive lens group 
PL. Therefore, to reduce this spherical aberration, pos- 
itive lens 47 may be added on the object side of the lens 
group PL to the three-piece structure of negative lens 
23 and positive lenses 24, 25 to obtain a positive lens 
group PL of the four-piece structure. Hence, by forming 
the afocal unit with the negative lens group NL (negative 
lens 26) and the additional positive lens 47, it becomes 
possible to assemble the folding portion of the optical 
axis X, i.e., the portion on the object side of positive lens 



47, independently of other lens groups inthe image pick- 
up lens system of the camera. This becomes a signifi- 
cant advantage in mass production since the tolerances 
for each lens group need not be very strict. 

5 Although the optical axis X may be folded in each 

of the wide-angle zoom lenses 14, 14Aand 14B of Figs. 
2A, 4A and 6A, respectively the combined total length 
of the image pickup lens system becomes longer by the 
additional space for the prism PR or mirror MR required 

10 for folding the optical axis X. To obtain compactness of 
the video camera, it, therefore, becomes necessary to 
reduce the total length of the image pickup lens system. 

Thus, in order to shorten the total length of the sys- 
tem, it is possible to decrease either the movement of 

15 the second lens group GR2 or the distance from the third 
lens group GR3 to image surface 22. If the movement 
of the second lens group GR2 is reduced, the magnifi- 
cation power of the second lens group GR2 must be cor- 
respondingly increased with the attendant deterioration 

20 of the optical performance in the system. Consequently, 
the second option is more advantageous. 

Hence, in the third embodiment of the present in- 
vention as illustrated in Fig. 6A, the distance from the 
third lens group GR3 to image surface 22 is shortened. 

25 This is accomplished by forming the zoom lens in the 
lens group GR3 with a two-piece structure of positive 
lens 68 and negative lens 69 arranged consecutively 
from the object side to the image side. Such arrange- 
ment of the third lens group GR3 provides a telephoto 

30 lens. 

With reference to Fig. 6A, the third lens group GR3 
is structured so that if "R31 " is the radius of curvature of 
positive lens 68 on the object side, and "R32" is the ra- 
dius of curvature of positive lens 68 on the image side, 

35 then the following expression is obtained: IR31/R32I < 
0.4 (hereinafter referred to as conditk>nal expression 
(2)). Furthermore, if "R33' is the radius of cun/ature of 
negative lens 69 on the object side and 'R34" is the ra- 
dius of curvature of negative lens 69 on the image side, 

40 the following expression may be obtained: -0.5 < 
R34/R33 < 0.2 (hereinafter referred to as conditional ex- 
pression (3)). In addition, if "SD3" is the distance from 
the surface on the object side of positive lens 68 to the 
surface on the image side of negative lens 69, and "fW" 

45 \s the focal length at the wide-angle end of the image 
pickup lens system, then the following expression is ob- 
tained: SDS/fW > 1 .2 (hereinafter referred to as condi- 
tional expression (4)). Finally, if "vSP" is the Abbe 
number of positive lens 68 and "v3N" is the Abbe 

50 number of negative lens 69, then the following expres- 
sion is obtained: v3P - v3N > 10 (hereinafter referred to 
as conditional expression (5)). 

The above conditional expressions (2) through (5) 
will be described next. 

ss If the value of IR31/R32I becomes larger than 0.4 
in the conditional expresston (2), the focal point of pos- 
itive lens 68 is arranged on the image side. In addition, 
the spherical aberration on the image side of positive 
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lens 68 becomes larger. 

If the value of R34/R33 becomes -0.5 or less in the 
conditional expression (3), the magnification power on 
the object side of negative lens 69 becomes too large, 
the negative spherical aberration and coma aberration 
become larger, and operational and assembly precision, 

1. e., tolerances, of positive lens 68 and negative lens 69 
becomes stricter. Furthermore in this case, since the 
power on the object side of negative lens 69, i.e., the 
power of the surface close to positive lens 68, becomes 
larger, it is nearly impossible to form an effective tele- 
photo lens. 

If the value of R34/R33 Is larger than 0.2, the sur- 
face on the object side of negative lens 69 becomes con- 
vex with a small curvature radius. Therefore, the spher- 
ical aberration and coma aberration are impossible to 
correct using negative lens 69, thereby diminishing the 
optical performance of the system. 

Next, if the value of SDS/fW is smaller than 1.2 in 
the conditional expression (4), it becomes difficult to ar- 
range the principal point position of the third lens group 
GR3 on the object side. Hence, it is difficult to shorten 
the total length of the image pickup lens system. 

Lastly, with respect to the conditional expression 
(5), it confirms that the correction of the chromatic ab- 
erration within the third lens group GR3 is made prop- 
erly. Namely, it is possible to lower the degree of correc- 
tion of chromatic aberration of the third lens group GR3 
by setting the Abbe number of positive lens 68 and neg- 
ative lens 69 such that the conditional expression (5) is 
satisfied. As a result, it becomes easier to correct the 
chromatic aberration of the complete lens system. 

The first through third embodiments of the present 
invention will now be described in detail. In the descrip- 
tion below and tables of Figs. 2B, 2C, 2D, 4B, 4C, 4D, 
6B, 6C, 6D, "r" represents radius of a surface curvature, 
"d" a space between two adjacent surfaces, "N" a re- 
fractive index at the spectral d-line (wavelength = 587.6 
nm), "v" the Abbe number, "f" a focal length of the com- 
plete lens system, "FNO" an F-number of the complete 
lens system, and "co" a half angle of the field of view. 

Then, "rj" shows the radius of the ith surface (i = 1 , 

2, 3, 28) counting from the object side to the image 
side, "dj" shows the space between the ith surface and 
the (i-t-1 )th surface, and "Nj" and "v" show the refractive 
index and the Abbe number, respectively, with respect 
to the spectral d-lina of a medium between the ith sur- 
face and the (i+1)th surface. 

It is worth noting that the lenses in these embodi- 
ments may include aspherical surfaces. In such case, it 
is assumed that the aspherical surface configuration is 
defined by the following expression: 

Xa = c y^yil + v(1 - c^/)] + X (Ag,/') 

Here, "Xa" is a coordinate in the X-direction of the optical 
axis of the aspherical surface, 'c' is a paraxial cun^ature 



(1/r), "A' is the 2i-th aspherical coefficient, and "y" is the 
distance from the optical axis X. 

Figs. 2A, 2B, 2C, 2D, 3A, 3B and 3C pertain to the 
first embodiment of the present invention. Zoom lens 14 

5 in the first embodiment comprises a 4-group, 10-piece 
structure of the first through the fourth lens groups GR1 , 
GR2, GR3 and GR4 located consecutively from the ob- 
ject side, as shown in Fig. 2A. Fig. 2B shows dimension- 
al values for the lenses of the zoom lens 1 4, where the 

10 ieth and the 21st surfaces are aspherical. Fig. 2C 
shows the 4th, 6th and the 8th-order aspherical coeffi- 
cients A4, A6 and A8, respectively, of these aspherical 
surfaces, i.e., the 18th and 21st. In all figures, "e" des- 
ignates an exponential expression with base 10. 

15 Fig. 2D shows values for dio (the space between 
the first lens group GR1 and the second lens group 
GR2), dis (the space between the second lens group 
GR2 and the diaphragm IR), d^Q (the space between the 
third lens group GR3 and the fourth lens group GR4) 

20 and d2i (the space between the fourth lens group GR4 
and the glass block FL) when f (the focal length of the 
whole system) changes from 1 .000 to 2.4903 and then 
to 9.5727 according to the operation of zoom lens 14. 
Figs. 3A, 3B and 3C show a spherical aberration 

-25 diagram, an astigmatism diagram and a distortion aber- 
ration diagram, respectively, in the wide-angle, normal 
and telephoto states of zoom lens 14. In the spherical 
aberration diagram of these figures as well as other 
spherical aberration diagrams hereinbelow, a solid line 

30 shows values along the spectral d-line, and a dashed 
line shows values along the spectral g-line (wavelength 
= 435.8 nm). In the astigmatism diagram of these figures 
as well as other astigmatism diagrams hereinbelow, the 
solid line shows values on a sagittal image surface, and 

35 the dashed line shows values on a meridional image 
surface. 

Figs. 4A, 4B, 40, 4D, 5A, 58 and 5C pertain to the 
second embodiment of the present invention. Zoom lens 
14A in the second embodiment comprises a 4-group, 

40 11 -piece structure of the first through the fourth lens 
groups GR1 , GR2, GR3and GR4 located consecutively 
from the object side, as shown in Fig. 4A. Fig. 4B shows 
dimensional values for the lenses of the zoom lens 14A, 
where the 20th and the 23rd surfaces are aspherical. 

45 Fig. 4C shows the 4th, 6th and the 8th-order aspherical 
coefficients A4, A6 and A8, respectively, of these as- 
pherical surfaces, i.e., the 20th and 23rd. 

Fig. 4D shows respective values of di2 (the space 
between the first lens group GR1 and the second lens 

50 group GR2), di7 (the space between the second lens 
group GR2 and the diaphragm IR), (the space be- 
tween the third lens group GR3 and the fourth lens group 
GR4) and (the space between the fourth lens group 
GR4 and the glass block FL) when f (the focal length of 

55 the whole system) changes from 1.000 to 2.4615 and 
then to 9.5692 according to the operation of zoom lens 
14A. 

Fig. 5A, 5B and 5C show the spherical aberration 
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diagram, the astigmatism diagram and the distortion ab- 
erration diagram, respectively, in the wide-angle, normal 
and telephoto states of zoom lens 14A. 

Figs. 6A, 6B, 6C, 6D, 7A, 7B and 7C pertain to the 
third embodiment of the present invention. Zoom lens 
14B in the third embodiment comprises a 4-group, 
12-piece structure of the first through the fourth lens 
groups GR1 , GR2, GR3 and GR4 located consecutively 
from the object side, as shown in Fig. 6A. Fig. 6B shows 
dimensional values for the lenses of the zoom lens 1 4B, 
where the 3rd, 21st and the 26th surfaces are aspheri- 
cal. Fig. 6C shows the 4th, eth and the 8th-order asph er- 
ica! coefficients A4, AS and A8, respectively, of these 
aspherical surfaces, i.e., the 3rd, 21st and 26th. 

Fig. 6D shows respective values of (the space 
between the first lens group GR1 and the second lens 
group GR2), d^g (the space between the second lens 
group GR2 and the diaphragm IR), dgs (the space be- 
tween the third lens group GR3 and the fourth lens group 
GR4) and dge (the space between the fourth lens group 
GR4 and the glass block FL) when f (the focal length of 
the whole system) varies between 1.000, 2.4499 and 
9.5815 according to the operation of zoom lens 14B. 

Fig. 7A, 78 and 7C show the spherical aberration 
diagram, the astigmatism diagram and the distortion ab- 
erration diagram, respectively, in the wide-angle, normal 
and telephoto states of zoom lens 14B. 

In zoom lens 14B, negative lens 26 of the first lens 
group GR1 has a composite aspheric surface on the im- 
age side. Such surface corrects the distortion aberration 
and is obtained by having a resin layer glued to a glass 
spherical surface. 

In summary, respective values of f , FNO and 2co in 
the first through third embodiments are shown in Fig. 
8A, and respective values in the conditional expressions 
(1) through (5) are shown in Fig. SB. It is understood 
that the conditional expressions (2) to (5} pertain only to 
the third embodiment as described above. 

It is apparent from the above description that a com- 
pact video camera can be achieved with the image pick- 
up lens system. The system provides, among other 
things, a wide angle field of view combined with a zoom 
lens. Furthermore, the so-called folding of the optical ax- 
is offered by the image pickup lens system contributes 
to the overall compactness and flexible design of the vid- 
eo camera. 

In this respect, the fourth, fifth and sixth embodi- 
ments of the present invention will now be described in 
detail. These embodiments pertain to the optical axis 
which is folded between the object side and the image 
side, as mentioned above. It is understood that the im- 
age pickup lens system can be applied to the zoom lens, 
as well as a regular lens, used in the video camera. 

First, a basic structure common to the fourth, fifth 
and sixth embodiments will be described with reference 
to Figs. 9A, II A and 1 3A. In each image pickup lens sys- 
tem 14C, 14D and 14E of the respective embodiments, 
an afocal unit AU comprises negative lens group NL with 



negative refracting power and positive lens group PL 
with positive refracting power. Reflecting member PR or 
MR is arranged between the negative lens group NL and 
positive lens group PL, as shown in Figs. 9A, 11 A and 
5 13A. 

The optical axis X of the image pickup lens system 
14C, 14D or 14E is folded at approximately 90 degrees 
at the surface of the reflecting member PR or MR, ex- 
tending toward the image side. The exemplary fifth em- 
bodiment of Fig. 11 A shows the mirror MR used as the 
reflecting member, while the fourth and sixth embodi- 
ments of Figs. 9A and 1 3A, respectively, use the prism 
PR. 

It is also understood from the above description of 
the first three embodiments that the afocal unit AU can 
also operate as the wide-angle converter. 

Similar to the first three embodiments, the afocal 
unit AU and imaging lens portion FU (focal unit) are com- 
posed of the four lens groups GR1 , GR2, GR3 and GR4 
having positive, negative, positive and positive refract- 
ing power, respectfully, located consecutively from the 
object side. The first lens group GR1 and the third lens 
group GR3 are fixed with respect to image surface 22. 
When zooming from the wide-angle end to the telephoto 
end and vice versa, the second lens group GR2 moves 
from the object side to the image side within a lens mirror 
cylinder (not shown), and vice versa. Furthermore, the 
fourth lens group GR4 can be nx)ved to obtain a proper 
focus on image surface 22 attendant upon the move- 
ment of the second lens group GR2. 

Again similartothe first three embodiments, a glass 
block FL functions as an optical low-pass filter, which is 
positioned between the fourth lens group GR4 and im- 
age surface 22. Diaphragm IR is arranged between the 
second lens group GR2 and the third lens group GR3. 

Some lens surfaces in the fourth, fifth and sixth em- 
bodiments are aspherical. In this respect, it is assumed 
that the aspherical surface configuration is defined by 
the aforementioned expression: Xa = c-v^/[1 + V(1 - 
c2-y2)] + X(A2|-y^'). As before, "Xa" is the coordinate in 
the X-direction of the optical axis, "c" is the paraxial cur- 
vature (1/r), "A" is the 2i-th aspherical coefficient, and 
"y" is the distance from the optical axis X. 

Figs. 9A, 9B, 9C, 9D, 10A, 10B and IOC pertain to 
the fourth embodiment of the image pickup lens system 
according to the present invention. As shown in Fig. 9A, 
the image pickup lens system 1 4C comprises the afocal 
unit AU and the imaging portion FU. The afocal unit AU 
is a two-piece lens structure which comprises negative 
lens group NLand positive lens group PL, located con- 
secutively from the object side, and prism PR which is 
the reflecting member arranged between the negative 
lens group NL and positive lens group PL The imaging 
portion FU following the afocal unit AU comprises a 
nine-piece lens structure, which together with the afocal 
unit AU is composed of the first through the fourth lens 
groups GR1 , GR2, GR3 and GR4. 

Fig. 9B shows dimensional values for the lenses in 
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the image pickup lens system 14C in the fourth embod- 
iment. According to this embodiment, the 20th and the 
23rd surfaces are aspherical. Fig. 9C shows the fourth, 
the sixth and the eighth aspherical coefficients A4, A6 
and A8 of these surfaces. Fig. 9D shows the respective 
values of d12, d17, d20 and d23 when f varies between 
1.000, 2.4615 and 9.5692 with the zooming operation 
of the image pickup lens system 1 4C proceeding from 
the wide angle end to the telephoto end. 

Figs. 10A, 10B and IOC show the spherical aberra- 
tion diagram, the astigmatism diagram and the distortion 
aberration diagram, respectively, in the wide-angle, nor- 
mal and telephoto states of zoom lens 14C. 

Figs. 11A, 11B, lie, 11D, 12A, 12Band 12C pertain 
to the fifth embodiment of the present invention. As 
shown in Fig. 11 A, imago pickup Ions system 14D com- 
prises the afocal unit AU and the imaging portion FU. 
The afocal unit AU is a two-group, two-piece lens struc- 
ture which is composed of a negative lens group NL and 
a positive lens group PL located consecutively from the 
object side, and a mirror MR which is the reflecting mem- 
ber arranged between the negative lens group NL and 
positive lens group PL. The imaging portion FU following 
the afocal unit AU comprise a four-group, nine-piece 
lens structure. The afocal unit AU and imaging portion 
FU are composed of the first through the fourth lens 
groups GR1, GR2, GR3 and GR4. 

Fig. 11 B shows dimensional values for the lenses 
in the image pickup lens system 14D in the fifth embod- 
iment. According to this embodiment, the 18th and the 
21 St surfaces are aspherical. Fig. 11 C shows the fourth, 
the sixth and the eighth aspherical coefficients A4, A6 
and A8 of these surfaces. Fig. 1 1 D shows the respective 
values of d^Q, 6^^, d^g and d2i when f varies between 
1 .000, 2.4863 and 9.5741 with the zooming operation 
of the image pickup lens system 14D proceeding from 
the wide angle end to the telephoto end. 

Fig. 12A, 12B and 12C show the spherical aberra- 
tion diagram, the astigmatism diagram and a distortion 
aberration diagram, respectively, in the wide-angle, nor- 
mal and telephoto states of zoom lens 14C. 

Figs. 13A, 13B, 13C, 13D, 14A, 14B and 14C per- 
tain to the sixth embodiment of the present invention. 
As shown in Fig. 1 3A, the image pickup lens system 1 4E 
comprises the afocal unit AU and the imaging portion 
FU. The afocal unit AU is a two-piece lens structure 
which is composed of a negative lens group NL and a 
positive lens group PL, consecutively located from the 
object side. A prism PR is positioned between the neg- 
ative lens group NL and positive lens group PL. The im- 
aging lens portion FU following the afocal unit AU com- 
prises a ten-piece lens structure, wh ich together with the 
afocal unit AU, is composed of the first through the fourth 
lens groups GR1 , GR2, GR3 and GR4. 

Fig. 138 shows dimensional values for the lenses 
in the image pickup lens system 1 4E in the sixth embod- 
iment. According to this embodiment, the 3rd, 21st and 
the 26th surfaces are aspherical. Fig. 13C shows the 



fourth, the sixth and the eighth aspherical coefficients 
A4, A6 and AS of these aspherical surfaces. Fig. 14D 
shows the respective values of d13, d18, d23 and d26 
when f varies between 1.000, 2.4499 and 9.5812 with 
5 the zooming operation of the image pickup lens system 
1 4E proceeding from the wide angle end to the telephoto 
end. 

Figs. 1 4A, 1 4B and 1 4C show the spherical aberra- 
tion diagram, the astigmatism diagram and the distortion 

10 aberration diagram, respectively, in the wide-angle, nor- 
mal and telephoto states of zoom lens 14E. 

In zoom lens 14E, the negative lens NL which is 
closest to the object side has a composite aspheric sur- 
face on the image side. Such surface corrects the dis- 

15 torlion aberration and is obtained by having a resin layer 
glued to a glass spherical surface. 

As shown in the respective embodiments and de- 
scribed above, a prism or mirror is provided as the re- 
flecting member. When used as the reflecting member, 

20 the prism preferably should be made of a glass material 
with a relatively high refractive index. Since the overall 
optical path length may be shortened by using such a 
glass material in the prism, it is possible to decrease the 
front lens diameter. Furthermore, since total reflection 

25 can be utilized, a reflecting film is not required in the 
system, while the reflectivity can be even increased 
compared with constructors that use a reflecting film. 
Hence, a cost-saving advantage is achieved. 

In one embodiment, when the afocal unit AU f unc- 

30 tions as the wide-angle converter, large negative distor- 
tion aberration may be generated by the negative lens 
group NL. In order to correct such a problem, it is suffi- 
cient to use an aspherical surface at least on one sur- 
face of the lens which is closest to the object side. In 

35 this case, the aspherical surface may be any of a glass 
aspherical surface, a plastic aspherical surface or a 
composite aspherical surface obtained by having a resin 
layer glued to a glass spherical lens. 

In another embodiment, since each of the negative 

40 lens group NL and the positive lens group PL of the afo- 
cal unit AU is formed from a single lens, the film thick- 
ness of the respective lens groups NL and PL can be 
thin. Thus, miniaturization of the camera, in combination 
with low cost of the image pickup lens system, can be 

45 realized. 

Furthermore, to reduce chromatic aberration gen- 
erated in the afocal unit AU and the imaging portion FU, 
a conventional lens structure of the afocal unit AU may 
become quite complex, causing an increase in size and 

50 cost. In contrast, since chromatic aberration, which can- 
not be corrected f u lly in the afocal unit AU, is additionally 
corrected in the imaging portion FU according to the 
present invention, the above-mentioned possible disad- 
vantages of increased cost and size are completely 

55 eliminated. 

It is apparent from the above description that the 
image pickup lens system comprises an afocal unit and 
an imaging portion, consecutively located from the ob- 
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ject side, and a reflecting member positioned between 
tlie negative and positive lens groups that form the afo- 
cal unit, such thai an optical axis from the object side 
and an optical axis at an image surface is folded by the 
reflecting member. 

Thus, in the image pickup lens system, the reflect- 
ing member is arranged in such a way that the position 
where the optical axis is folded is located closer to the 
object side. As a result, the tolerance becomes larger 
for placement accuracy during the assembly of the afo- 
cal unit and the imaging portion, reducing degradation 
in optical perfomiance due to possible errors during pro- 
duction. Furthermore, it is easier to allocate the space 
closer to the object side for folding the optical axis. In 
addition, it becomes feasible to provide an image pickup 
lens system without constraints on the miniaturization 
and design of the video camera. 

Having described specific preferred embodiments 
of the present invention with reference to the accompa- 
nying drawings, it is to be understood that the invention 
is not limited to those precise embodiments, and that 
various changes and modifications may be effected 
therein by one skilled in the art without departing from 
the scope of the invention as defined in the appended 
claims. 



Claims 

1. An integrated video camera and recording/repro- 
ducing apparatus, comprising: 

a main body including a viewfinder portion, a 
recording/reproducing portion, and an image pick- 
up lens system having an object side, an image side 
and an optical axis, said image pickup lens system 
including a wide angle converter and a zoom lens, 
wherein said wide angle converter comprises at 
least a negative lens and a positive lens spaced 
apart from each other such that D1/D1 A is greater 
than 1 .2 and less than 1 .7 where D1 is a distance 
between a lens surface of said negative lens closest 
to said object side and a lens surface of said positive 
lens closest to said image side, and D1A is a dis- 
tance between said negative lens and said positive 
lens. 

2. The apparatus according to claim 1, further com- 
prising a reflecting member located between said 
negative and positive lens, wherein said optical axis 
is folded. 

3. The apparatus according to claim 2, wherein said 
optical axis is folded at a position which is closer to 
said object side than said image side of said appa- 
ratus. 

4. The apparatus according to claim 1, further com- 
prising a battery storage compartment. 



5. The apparatus according to claim 1 , further com- 
prising a tape deck cover opening outward and 
away from said apparatus for inserting a recording 
medium therein. 

5 

6. An image pickup lens system for a video camera, 
comprising: 

a zoom lens located at an image side of said 

10 image pickup lens system, and 

a wide angle converter located at an object side 
of said image pickup lens system and optically 
coupled to said zoom lens, said wide angle con- 
verter comprising a first lens group having at 

15 least a negative lens group and a positive lens 

group spaced apart from each other such that 
D1/D1A is greater than 1.2 and less than 1.7 
where D1 is a distance between a lens surface 
of said first lens group closest to said object 

20 side and a lens surface of said first lens group 

closest to said image side, and D1A is a dis- 
tance between said negative lens group and 
said positive lens group. 

25 7. The apparatus according to claim 6, wherein said 
first lens group has positive refracting power 

8. The apparatus according to claim 7, further com- 
prising a second lens group having negative ref ract- 

30 ing power, athird lens group and afourth lens group 
each having positive refracting power, and wherein 
said first, second, third and fourth lens groups are 
arranged consecutively from said object side and 
are located along said optical axis. 

35 

9. The apparatus according to claim B, wherein said 
second lens group is moveable between said first 
and third groups in response to a zooming operation 
between a wide angle end and a telephoto end of 

40 said image pickup lens system. 

10. The apparatus according to claim 8, wherein said 
fourth group is moveable between said third lens 
group and said image side for focusing an image as 

45 a function of said zooming operation. 

11. The apparatus according to claim 8, wherein said 
first, second, third and fourth lens groups include 
lenses with aspherical surfaces. 

so 

12. The apparatus according to claim 8, wherein said 
third lens group comprises a positive lens and a 
negative lens positioned consecutively from said 
object side, said third lens group being arranged 

55 such that IR31/R32I is less than 0.4, R34/R33 is 
greater than -0.5 and less than 0.2, ZD3/fW is great- 
er than 1 .2 and v3P - v3N > 1 0, where R31 is a ra- 
dius of curvature of said positive lens on said object 



25 



30 



35 



SO 



55 



9 



17 



EP 0 773 460 A2 



side, R32 is a radius of curvature of said positive 
lens on said image side, R33 is a radius of curvature 
of said negative lens on said object side, R34 is a 
radius of curvature of said negative lens on said im- 
age side, 2;D3 is a distance from a surface of said 5 
object side of said positive lens to a surface of said 
image side of said negative lens, fW is a focal length 
at a wide-angle end of said Image pickup lens sys- 
tem, v3P is the Abbe number of said positive lens, 
and v3N is the Abbe number of said negative lens. io 

13. The apparatus according to claim 6, wherein said 
negative lens group of said first lens group compris- 
es a single negative lens, and wherein said positive 
lens group of said first lens group comprises at least 15 
a negative lens and two positive lenses positioned 
consecutively from said object side. 

14. The apparatus according to claim 6, further com- 
prising a reflecting member located between said 20 
negative and positive lens groups, said zoom lens 
and wide angle converter having a common optical 
axis which is folded. 

15. The apparatus according to claim 14, wherein said 25 
common optical axis is folded at a position which is 
closer to said object side than said image side of 
said apparatus. 

16. The apparatus according to claim 1 5, wherein said 30 
optical axis is folded at substantially 90 degrees by 
said reflective member. 

17. The apparatus according to claim 14, wherein said 
reflecting member is selected from one of a prism 35 
and mirror. 

18. The apparatus according to claim 6, wherein said 
negative lens group comprises a single negative 
lens, and wherein said positive lens group compris- 40 
es a first positive lens, a negative lens, a second 
positive lens and a third positive lens positioned 
consecutively from said object side. 

19. The apparatus according to claim 18, wherein said 4S 
single negative- lens and said first positive lens form 

an afocal unit in said image pickup lens system. 

20. The apparatus according to claim 1 9, wherein chro- 
matic aberration generated in said afocal unit is ad- 50 
ditionally corrected by said zoom lens. 
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